J THoRAc

CARDIOVASC SURG

1989;98:961-7

Forum Session II

Separation of craniopagus Siamese twins using
cardiopulmonary bypass and hypothermic
circulatory arrest
Occipitally joined craniopagus Siamese twins were separated with the use of cardiopulmonary bypass
and hypothermic circulatory arrest. The 7-month-old infants shared a large sagittal venous sinus that
precluded conventional neurosurgical. approach because of risk of exsanguination and air embolism.
After craniotomy and preliminary exposure of the sinus, each twin underwent sternotomy and total
cardiopulmonary bypass with deep hypothermia. Hypothermic circulatory arrest allowed safe division
and subsequent reconstruction of the sinus remnants. Several unusual problems were encountered,
including transfusion of a large blood volume from one extracorporeal circuit to the other through the
common venous sinus, deleterious warming of the exposed brain during circulatory arrest, and thrombosis of both pump oxygenators. Both infants survived, although recovery was complicated in each by
neurologic injury, cranial wound infection, and hydrocephalus. This case demonstrates the valuable
supportive role of cardiopulmonary bypass and hypothermic circulatory arrest in the management of
complex surgical problems of otherwise inoperable patients.
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he separationof conjoined or Siamese twinswith survival of twointact persons presentsa rare and formidable
surgical challenge. 1-10 When the area of conjoining is the
head (craniopagus), successful separation is difficult because of shared neural tissueand venous sinuses."6, 7, 9 In
particular, the latter has precludedfavorable outcome in
several reported attempts becauseof exsanguination, air
embolism, and late thrombosis of the dural sinuses.
This report describes the successful separation of
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occipitalcraniopagus twins. The unique procedure used
cardiopulmonary bypass, deep hypothermia,and circulatory arrest to facilitatesafe division and reconstructionof
a large common sagittal sinus.
Case report
Craniopagus male twins were born at 38 weeks' gestation to
a healthy 20-year-old woman. Prenatal diagnosis of conjoined
twins lead to elective cesarean section. Combined birth weight
was 3.2 kg. A broad area of occipital fusion characterized the
conjoined twins (Fig. 1, A). Both infants were neurologically
normal; other minor abnormalities included scoliosis, torticollis,
and several hemivertebrae in each child. Although this form of
craniopagus was compatible with long-term survival, quality of
life was likely to be poor. The parents of the twins requested that
surgical separation be attempted.
In preoperative evaluation the twins underwent computerized
tomographic scanning, cerebral angiography, and magnetic
resonance imaging (Fig. 1, B). These studies demonstrated sep-
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Fig. 1. Conjoined twins before separation. A. Craniopagus twins at 4 months of age with broad area of attachment
at the occiput. B. Magnetic resonance image of twins showing independent brains; shared sagittal sinus not seen on
this section.
arate cerebra with independent arterial blood supplies. However, they shared a large venous sagittal sinus. Results of
echocardiograms of both infants were normal.
Surgical division would leave a large occipital bony defect
with insufficient scalp for wound coverage. Therefore subperiosteal tissue expanders!': 12 were inserted at 4 months of age and
gradually insufflated on a weekly basis over 3 months to create
redundant skin (Fig. 2). The combined volume of the two
expanders eventually reached 1400 cc. Computer-generated
models of the conjoined skulls were used to design and tailor titanium mesh plates to cover the occiput of each child after separation.
At 7 months of age, the twins were transferred to The Johns
Hopkins Hospital for separation. A team of nearly 20 physicians
and 40 nursing and technical support personnel participated in
the 22-hour operative procedure. The twins were placed on

two operating room tables that were positioned side by side
(Fig. 2, B); later, after the separation, the tables were rolled
away from each other. Arterial and central venous monitoring
lines were placed. The larger infant (twin B) had small and unusually spastic vessels, making cannulation difficult. This same
infant had vascular access problems during his many preoperative investigations, whereas his brother posed no such problems.
External maxillary fixation was attempted to provide stabilization of both heads during the final stages of dural sinus division, but this was aborted because the bolts could not be
secured in twin B.
Local skin flaps for reconstruction were designed and elevated, which allowed removal of the tissue expanders. Craniotomy was performed, and the supratentorial area was separated
with relative ease, exposing the sagittal sinus. Entrance to the
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Fig. 2. Use of subperiosteal tissue expanders to create redundant scalp. A, Twins 2 weeks before separation showing tissue expanders injected to volume of 1340 ml. B, Intraoperative photo demonstrating maxillary fixation bolts,
line of planned incision; and large area of redundant scalp over tissue expanders.
posterior fossa between the cerebella could not be obtained because of severe bleeding.
At this point, each twin underwent sternotomy and cannulation of the ascending aorta and right atrium for total cardiopulmonary bypass. Each was connected to his own extracorporeal circuit. Cooling was begun and continued until both rectal
temperatures reached 20° C. On initiation of cardiopulmonary
bypass, there was a discrepancy in mean systemic arterial pressure between the twins despite identical perfusion flow rates
(100 ml/kg/rnin), cannula size, height of the table above the
reservoir, and temperatures of the patients and their perfusates.
Mean arterial pressure for twin A was approximately 30 to 45
mm Hg versus 25 to 30 mm Hg for twin 8. During the initial
20 minutes of cardiopulmonary bypass, blood was observed
leavingthe extracorporeal circuit of twin A and appearing in the
circuitof twin 8. Presumably, this transfusion occurred through

the sagittal sinus, the only major remaining vascular connection.
Although the importance of balanced perfusion was discussed
before operation, wedid not anticipate that several liters of blood
would transfuse across the two extracorporeal circuits within 20
minutes. The situation was remedied by draining blood from
twin B's reservoir into blood storage bags that were hand carried across the room and emptied into twin A's reservoir. After
20 minutes of cooling and with flow rates reduced, mean arterial pressures equalized and transfusion ceased.
When rectal temperatures of 20° C were reached, each aorta
was crossclarnped, and the hearts were arrested with cold crystalloid cardioplegia. This was followed by simultaneous circulatory arrest and exsanguination into the pump reservoirs. Deep
myocardial hypothermia was maintained by intermittent application of topical cold saline solution.
Under hypothermic circulatory arrest, the common sagittal
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Fig. 3. Use of titanium mesh for cranial reconstruction after separation. A, Computer-generated three-dimensional
image of common skull used to create an acrylic model. This model was used to plan the surgical procedure and to
design titanium mesh prostheses for later cranial reconstruction (B).

sinus was divided. The twins were separated completely, and the
two operating tables were rolled apart, providing better access
for the surgical teams to each child. Reconstruction of the sagittal sinus was accomplished with an untreated pericardial patch
in twin A and by primary closure in twin B.
Because of the large area of exposed cerebrum, there was potential for deleterious warming of brain by the higher ambient
temperatures. To maintain the protection afforded by deep core
hypothermia, topical cold saline solution (4 0 C) was applied intermittently.
After venous sinus reconstruction, perfusion was resumed in
each child. Circulatory arrest time was 52 minutes in twin Band
63 minutes in twin A. During rewarming on cardiopulmonary
bypass, bleeding from neural structures was profuse but was
eventually controlled with suture, electrocautery, and topical
thrombin. Although the pump sucker was not used in the cranial operative field, thrombus appeared in the oxygenator of

twin A as rectal temperature approached 32° C. Bypass wasinterrupted briefly to replace the oxygenator. A small amount of
thrombus was also seen in twin B's extracorporeal circuit butdid
not necessitate oxygenator replacement. Weaning from cardiopulmonary bypass began when rectal temperature reached
36° C. Barbiturate coma was induced because of anticipated
cerebral edema. The next several hours were spent securing hemostasis. A total of more than 60 units of blood products was
administered to the two infants. Initial hemodynamics after
cardiopulmonary bypass were unstable, and inotrope requirements were high.
Continued bleeding and cerebral edema made immediate
cranial reconstruction with titanium mesh impossible; thus both
wounds were closed with scalp flaps alone.
The immediate postoperative course was complicated by
bleeding from the cranial wounds and by mild hemodynamic
instability. On the fifth postoperative day, barbiturate coma was
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discontinued. Seizures occurred in both children, and anticonvulsanttherapy was instituted. Extubation occurred on the tenth
day. Both infants developed cranial wound infections and
hydrocephalus.
Twin A underwent seven operative wound debridements over
a 3-month period and required a ventriculoperitoneal shunt for
hydrocephalus. One shunt revision was necessary. There was
transient cortical blindness. Five months after the separation
procedure, the titanium mesh prosthesis was inserted over the
occiput (Fig. 3, B). Unfortunately, 6'/2 months after separation,
twin A suffered a respiratory arrest from aspiration of gastric
contents. Severe anoxic brain injury resulted. The patient was
discharged 7 months after separation. Currently he has visual
and auditory impairment, developmental delays, global neurologic depression, and moderate torticollis. He requires tube
feedings and suffers from chronic gastroesophageal reflux. Although he has been managed at home, several rehospitalizations
have been necessary for feeding problems. Follow-up head
computed tomographic scan has shown marked cortical atrophy.
Twin B also had a complicated postoperative course. Six
wound debridements over 2 months and a musculocutaneous
flap eventually led to complete healing of the cranial wound. A
lumboperitoneal shunt was placed and required two revisions.
The titanium mesh insert was placed 5'/2 months after separation.Twin B was also discharged 7 months after operation. His
neurologic status is significantly better than that of twin A; although he is developmentally delayed, his neurologic functions
are nearly intact. He feeds well and is able to sit with support.
He suffers from torticollis and may need later surgical correction for this.

Discussion

Conjoined twins are a rare congenital anomaly, occurring in approximately I in 100,000 births in the United
States.!' The most common types are thoracoomphalagus (28%), thoracopagus (18%), omphalopagus (10%),
parasitic twins (10%), and craniopagus (6%).13 Thus the
incidenceof craniopagus is 1 in 1.6 million births. Surgical separation of craniopagus twins has usually been recommended on grounds of quality of life rather than lifethreatening medical complications, which occur more often in other forms of conjoining.
However, the results of surgical attempts to separate
craniopagus twins have been disappointing. Of the 48 patients reviewed by Bucholz and colleagues," 24 died in the
postoperative period, and 2 were left with severe neurologic disfunction." Their analysis of these cases identified
two'determinants of operative survival: (1) the area of
junction in craniopagus and (2) the venous connections.
Occipital craniopagus had the highest frequency of
abnormalities of major dural sinuses and also the highest
perioperative mortality." Recognizing that our case had
the worst features and the highest risk factors for unfavorable outcome, specifically a large common sagittal sinus in occipital craniopagus, a new surgical approach to
separation was adopted. A multidisciplinary team made
up of neurosurgeons, cardiac surgeons, plastic and recon-
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structive surgeons, anesthesiologists, and pediatric intensivists was assembled. A strategy of single-stage separation that used cardiopulmonary bypass and hypothermic
circulatory arrest was chosen. Although this technique is
used commonly in surgery for congenital heart defects in
small infants and in adults for reconstruction of the aortic arch, it has also been applied to a variety of complex
and unusual surgical problems. In 1961 Lillehei and c0workers described its successful use for complicated cardiac disease, including mycotic aortic aneurysm and a
ruptured left ventricle. Unprecedented survival was
achieved in several of their original cases. Since then, the
technique has been extended to resection of giant cerebral
aneurysms.P excision of renal cell carcinoma with intracaval and intracardiac extension," resection of craniofacial arteriovenous malformations, 17 and resection of traumatic arteriovenous fistulas."
The principal advantage conferred by cardiopulmonary bypass and hypothermic circulatory arrest is a
bloodless operative field during the critical operative
phase when exsanguination or hemodynamic instability
might otherwise prevail. Any application of the technique
must weigh this advantage against the disadvantage of
anticoagulation required for cardiopulmonary bypass,
tissue edema seen after cardiopulmonary bypass, risk of
neurologic injury, and expense. In this operation, it was
believed that the large sagittal venous sinus could not be
isolated and controlled to prevent exsanguination or air
embolism. Thus cardiopulmonary bypass and hypothermic circulatory arrest offered the best method to provide
safe division of the sinus. Undoubtedly, cerebral hemorrhage and swelling were exacerbated by use of cardiopulmonary bypass, and this precluded immediate implantation of the titanium mesh.
Three unusual problems were encountered and deserve
special mention. First, on initiation of cardiopulmonary
bypass, there was a transfusion of blood from one extracorporeal circuit to the other through the sagittal sinus.
Separate bypass circuits were used for each child because
no major arterial connection was present: adequate perfusion and cooling could only be achieved through separate arterial cannulas. Furthermore, warming of each
child after separation required separate extracorporeal
circuits. The need for balanced perfusion during cooling
was appreciated before operation and was addressed by
use of identical cannulas, flow rates, and operating table
and reservoir height. Nevertheless, despite these measures, systemic vascular resistance was not identical in the
two children, and therefore systemic arterial pressures
were different. How this may have affected venous drainage is unclear. Venous drainage may not have been
balanced and may account for the transfusion of blood
from one child to the other. Although this problem even-
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Fig. 4. Four months after surgical separation, the twins were
developmentally delayed but continued to grow and improve.
One had mild neurologicdysfunction.The other, who suffered
a late postoperative cardiopulmonary arrest caused by aspiration, is moderately to severely retarded.
tually resolved, it incurred the risk of running one oxygenator dry. If anticipated, it might have been handled
with greater ease by connecting the two oxygenators with
an equilibrating line that would keep the reservoir volumes equal, or perhaps by using a common oxygenator
during cooling and then adding a second after separation.
The second unusual problem was warming of the exposed brain during hypothermic circulatory arrest. Although brain temperature was not measured directly, it
was our impression that warming occurred as a result of
higher ambient room temperatures and exposure to heat
of operating room lights and the surgeons' headlights.
This problem was anticipated but may have been underestimated. Intermittent cold saline lavage kept the brains
cool, but a continuous lavage system and lower room
temperature might have provided better cerebral protection. In any neurosurgical case in which cardiopulmonary
bypass is used, the amount of exposed cerebral tissue is an
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important consideration in determining the duration of
safe hypothermic circulatory arrest.
The third problem, thrombosis of both pump oxygenators, may have occurred simply because of the use of hemostatic agents (topical thrombin and gel foam) in the
neurosurgical field. Although the pump return sucker was
not used in this operative field, absorption of these agents
into the extracorporeal circuit may have occurred nonetheless. An alternate theory is that potent cerebral
thromboplastins released by the dissection may have contributed to thrombosis. These observations have implications for the use of thrombin-containing fibrin glue sealants during cardiopulmonary bypass, a practice that some
surgeons regard safe as long as the pump sucker is not
used.
The early success of surgical separation of the twins
was tempered by a long series of infectious complications
and neurologic injury in both children. Although the infections have resolved, neither child is neurologically intact. Twin B has mild global neurologic dysfunction but
has shown steady improvement. Twin A suffered an
anoxic cardiopulmonary arrest 5 months after separation
resulting from pulmonary aspiration. He remains seriously impaired because of this late postoperative complication, although he too is improving. Because of the plasticity and resilience of the infant central nervous system,
we remain hopeful for complete neurologic recovery of
one infant and for significant improvement in the other.
Their progress since operation supports this hope (Fig. 4).
Although the indication for surgical separation was based
on prospects for quality oflife rather than life-threatening
medical complications, we believe the surgical effort was
justified and that use of cardiopulmonary bypass, deep
hypothermia, and circulatory arrest offered the best
chance for survival with preservation of neurologic function.
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Discussion
Dr. C. Walton LiIIehei. I rise to share the feelings of myself
and the audience in congratulating Drs. Cameron and Reitz on
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virtually an impossible case with an incredibly good postoperative result. Looking at those twins, I think most of us would have
dismissed the situation as hopeless. I share with you and your
associates, the optimism that the neurologic deficit at this young
age will likely undergo nearly-complete or complete recovery
with time. An incredible case.
Dr. Castaneda. Why did you feel it necessary to have two
separate cardiopulmonary bypass circuits? Do you not think
through the sagittal sinus you would have had enough exchange
to put only one child on bypass and cool them both relatively
rapidly? It might have minimized the problem of exsanguination to one side.
Dr. Cameron. I do not think so. I think we needed two separate circuits, since the twins shared virtually no arterial blood
supply, only a large venous confluence. Ifwe had put one on bypass and started to cool him, the other would have exsanguinated through the sinus and would have been inadequately
perfused during cooling. In other words, I do not think we could
have maintained adequate arterial perfusion pressure in the unassisted twin.
Dr. Cooley. Aldo, you still have to resuscitate the other twin
after separation. And, you resuscitate with cardiopulmonary
bypass.
Audience member. Might I suggest one bubble oxygenator
with two arterial pumps?
Dr. Cameron. I believe we would have had the same problem of resuscitation once they were separated.
Audience member. You take one off pump first and then you
just keep the other one on.
Dr. Cameron. These alternate methods of perfusion might
have conferred an advantage in the early period on bypass when
there was transfusion between the two pump circuits, but the
problem corrected itself within about 15 minutes.

